Vincent HK, Vincent KR: Functional and economic outcomes of cardiopulmonary patients: a preliminary comparison of the inpatient rehabilitation and skilled nursing facility environments. Am J Phys Med Rehabil 2008;87:371-380. Objective: To examine the major clinical and economic outcomes of cardiopulmonary patients referred for inpatient rehabilitation or skilled nursing care after an acute care stay.
Cardi ovascular disease and chronic obstructive pulmonary disease are among the three leading causes of death in the United States, with the highest prevalence occurring in adults older than 65-70 yrs. 1, 2 These diseases are related with more than 3 million invasive inpatient hospital cardiovascular procedures, 2 repeat visits for physician care, postacute care stays, and potential disability. Older adults are increasingly transferred to nursing facilities for pulmonary conditions after acute disease exacerbations. 3 From 2001 to 2006, 59.8% of these patients were older than the age of 65, and 4% and 11% of cardiopulmonary patients were referred to inpatient rehabilitation facilities (IRF) and skilled nursing facilities (SNF), respectively, after acute care 4 at this institution. Given that the aging population is growing and that a shift of cardiovascular disease and chronic obstructive pulmonary disease from acute to chronic diseases is occurring, the need for medical services that help promote functional independence and quality of life is great. Hence, assessing the effectiveness of rehabilitation services for older cardiovascular and pulmonary patients is a serious public health issue.
Two of several main options for postacute care include referral to an IRF and an SNF. Presently, there is a dearth of comparative and descriptive outcome data of cardiopulmonary patients in these environments; the characteristics of the general cardiopulmonary population, the therapeutic volume and type used in each setting, and short-term outcome patterns are unclear. This information is critical to begin understanding the factors present within each setting that may be associated with favorable clinical outcomes. Ultimately, guidelines for patient guidelines for patient referral, creating expectations for rehabilitation progress and discharge and for resource allocation may be established using this kind of data. Therefore, the aim of this exploratory study was to characterize and compare short-term inpatient rehabilitation outcomes in cardiopulmonary patients in the IRF and SNF environments.
METHODS

Study Design
This was a retrospective, comparative study using data compiled from computerized medical records systems, patient charts, and therapy notes of two IRFs and one SNF in central Virginia. Patient admission dates to the respective facilities were between January 1, 2001 and June 31, 2006 . The research assistants of these facilities were provided standardized instructions on data-collection procedures by the principal investigator. Contact was made weekly with each study site to ensure accurate completion of data collection. This investigation was approved by the human investigation committee at the University of Virginia (UVA).
Patients
All available consecutive patients with any major primary diagnosis of either a cardiovascular or pulmonary disease were included in the patient pool, with no bias as to the patients chosen. The diagnosis was identified by the primary International Code of Disease (ICD-9) number of the patient file and was confirmed within the medical record discharge summary. A total of 495 patients (n ϭ 311 IRF, n ϭ 184 SNF) were identified within the study time frame. The major ICD-9 disease categories included postcoronary artery bypass graft, myocardial infarction, post-heart valve replacement surgery, aneurysms, coronary heart failure, peripheral vascular disease, heart transplant, coronary artery disease, chronic obstructive pulmonary disease, pneumonia, and lung transplant. The presence of dementia was determined by the ICD-9 codes 331.0 (Alzheimer disease without disturbance) or 290.0 (senile dementia without complications) on the admission note. According to admission notes, all patients were referred to rehabilitation to achieve one or all of the following goals: improve muscle strength and range of motion, decrease weakness, and improve independent mobility and performance of activities of daily living.
IRF and SNF Environments
Two IRF sites and one SNF agreed to participate in this research project. Of all the available SNF sites in this geographic region, the SNF in this study was as closely matched to the IRF as possible with regard to program emphasis on aggressive therapies, availability of psychology therapies, large staff of nurses and therapists, and encouragement of participation and interaction in group activities. Medical records, therapist notes, medication orders, nursing, therapist and physician notes, and case manager records were analyzed from each facility.
Participant Characteristics
Demographic variables, the type and number of comorbidities, severity of illness, disease histories, repeat visits to the facility, social support, and functional abilities were obtained from medical records. Source of transfer to the IRF/SNF was collected from discharge notes. The aged-adjusted Charlson index was calculated as an index of severity of illness. 5
Study Outcome Variables
The criterion measures were the length of stay (LOS), functional independence measure (FIM) scores, minimum data set (MDS) scores, and total, pharmacy, occupational, and physical therapy rehabilitation hospital charges.
Functional improvement during inpatient rehabilitation is generally measured using the 18item FIM instrument. 6 The FIM instrument estimates performance of tasks that can be broadly categorized as activities of daily living, mobility, and cognitive domains. The FIM instrument is an important representative measure of the overall success of the interdisciplinary rehabilitation program. It is a validated measure to capture overall functional improvements (including specific scores for activities of daily living and mobility), 6 and this tool has been used in pulmonary 7 and cardiac patients 8, 9 in the IRF. The MDS 2.0 is a nursing home assessment tool containing 404 variables that represent a comprehensive description of patient characteristics (demographics, living status, comorbidities, functional level, psychosocial well-being, activity preferences, medications, specific treatments, restraints, indicators of quality of life, and the amount of rehabilitation services provided). The MDS was completed by the resident's multidisciplinary care team with direct responsibility for the care of the resident. The MDS was completed at a minimum on admission and at 14, 30, and 60 days after admission to the SNF. The MDS data obtained from the nursing home assessment on admission and at the closest time to the end of the LOS were used for the current study. Given the limitations of directly comparing the two tools between environments, we present data from similar categories of daily/ambulatory activities (e.g., eating, grooming/personal hygiene, walking distance, toileting) by reporting the percentage of patients who achieved complete or modified independence with supervision/cueing with these activities at admission and by discharge. For the purposes of this study, the FIM classification of modified independence (where the participant could complete the task on their own with some balancing help from a device if needed) was considered the equivalent with the next closest comparison in the MDS tool of supervision only, cueing, (performance of a task on their own, under supervision with some verbal help only if needed). In each tool, these categories were described as having no physical help by staff. The MDS has previously been used in cardiac 10 and pulmonary patients 11 in the SNF.
LOS, total hospital, pharmacy, and individual therapy charges were obtained from medical records. Given the restricted access to financial reimbursements and actual cost of care for each patient, we estimated facility costs using the available charge information. Discharge disposition locations were determined from the case manage-ment section within the patient charts. Discharge locations included home, home with home health, SNF, acute transfer back to the hospital, or assisted living. Mortality and cause of mortality was also determined from the nurses' and physician's notes within the medical record.
Assistive Device Use
The types of assistive devices for ambulation used at discharge were collected from the therapist and case manager records. Devices included walkers, wheelchair, crutches, and canes.
Rehabilitation Programs
In each setting, patients underwent a comprehensive rehabilitation program, under the supervision of a physician and therapy care team. These teams comprised physical and occupational therapists, therapist assistants, and nurses. In the IRF, standardized protocol driven therapy sessions were conducted twice daily, once in the morning and afternoon. In the SNF, therapy sessions were also conducted with each patient, but primarily once a day, with the time of participation depending on the patient. Program adjustments were made according to individual needs to include speech-language therapies and psychology therapy. Table 1 describes the type and volume of the therapy components for each environment; the therapy volumes were determined by calculating the time recorded by the therapists for patient engagement in each therapy component on each day of the LOS for each medical record. Overall therapy volume was calculated by adding the daily therapy time during the LOS. Specific therapy components were recorded from the daily therapist notes.
Statistical Analyses
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS, version 15.0) software. All data are expressed as means Ϯ SD of measurement. Baseline characteristics were analyzed using 2 tests for frequency distributions of all categorical variables (demographics, comorbidity prevalence, discharge disposition locations, patient proportions who achieved independence with motor activities). Continuous baseline variables were analyzed using a one-way analysis of variance. To determine whether differences existed between cardiovascular and pulmonary patients treated in the IRF and SNF for the outcome variables, univariate analyses of variance were performed. Rehabilitation setting (IRF, SNF) and patient primary diagnosis type (cardiovascular, pulmonary) were independent variables, and the main outcomes (LOS, facility charges, time engaged in therapies) were the dependent variables.
Models were covaried for age, presence of dementia, gender, widowship, support at home, and body mass index.
To determine whether differences in therapy participation time influenced these rehabilitation outcomes, a secondary analysis on a subset of patients was performed. A subset) of patients matched for diagnosis type, age, and hours of participation in therapies in the IRF and SNF were extracted from the total population (n ϭ 232). The univariate analyses of variance were performed as described above, using all the covariates except age. The ␣ level was established at 0.05 a priori for all statistical tests. Figure 1 demonstrates that patients in the IRF participated in therapies a greater percentage of days during their rehabilitation stay than those in the SNF for all therapy categories (all P Ͻ 0.05; Fig. 1 ). Therapist documentation indicated that the most frequent barrier to participation in therapy in the SNF was patient "fatigue" (37% more patients in the SNF than IRF experienced fatigue that precluded participation in therapy sessions). Regardless of therapy type, participation in patient/family education and functional mobility and neuromuscular reeducation components were consistently greater in the SNF, whereas participation in the group therapy component was consistently greater in the IRF (Table  1 ; P Ͻ 0.05). The total occupational and physical therapy participation times were greater in the IRF than in the SNF (both P Ͻ 0.05). Psychology therapy was administered in 21.2% of cardiovascular patients and 54.5% of pulmonary patients in the IRF, whereas this therapy was only administered to 5.9 -6.5% of cardiovascular and pulmonary patients in the SNF. 
RESULTS
Participation in Rehabilitation
Patient Characteristics
Among IRF patients, 50.2% and 49.8% had primary diagnoses of cardiovascular and pulmonary conditions, respectively. In the SNF, 48% and 52% were diagnosed with major cardiovascular and pulmonary conditions, respectively. Patients were admitted to each setting from acute care (92% IRF, 91% SNF), whereas the remaining patients were admitted from assisted living, home, another SNF, or transitional living environments. Regardless of environment, pulmonary patients had more comorbidities than cardiovascular patients (P Ͻ 0.05). More SNF patients lived alone and were widowers, women, and return patients; regardless of patient type, those in the IRF were using more medications than those in the SNF (Table 2) . SNF patients were characterized by a higher prevalence of dementia (Alzheimer disease and senile, uncomplicated), but those in the IRF had higher frequencies of anxiety, diabetes mellitus, obesity, hyperlipidemia, and arthritis (Table 3) .
Clinical Outcomes in the IRF and SNF
LOS was longer in the SNF regardless of patient group (Table 4 ; P Ͻ 0.05). A total of 7.7% patients were readmitted to acute care from the IRF compared with 19.0% from the SNF (P Ͻ 0.05). Patients in the SNF had a higher prevalence of non-homebound dispositions (more to acute care, assisted living) and mortality in the SNF (11.4% more deaths occurred in the SNF) than in the IRF. We examined whether the proportions of patients who lived alone before admission to rehabilitation were discharged home less frequently in each setting compared with those who had family support at home. In the IRF, 77% of patients who lived alone were discharged to a less restrictive environment (72% went home), whereas 85% of patients who had familial support at home went to less restrictive environments than when they were admitted (84% went home). In the SNF, 58% of patients who lived alone were discharged to less restrictive settings by discharge, such as assisted living or home (37% went home). In SNF patients with family support at home, 66% went to less restrictive environments (53% went home). Mortality rates were highest in patients in the SNF regardless of patient type (P Ͻ 0.05). Total, therapy, and pharmacy charges were all higher in patients participating in the IRF programs than in the SNF (P Ͻ 0.05). These charge data are only estimates of the cost of care in the respective facilities.
Functional Outcomes and Assistive Device Use
More patients in the IRF made greater improvements toward independence than those in the SNF for several daily activities (e.g., eating, grooming, dressing, toileting, transfers, and walking distance; Table 5 ). For example, higher proportions of patients in the IRF achieved modified independence for these motor activities compared with patients who achieved activity with supervision/cueing only in the SNF (P Ͻ 0.05) by discharge. At discharge, the use of wheelchairs by patients was more prevalent in the SNF than in the IRF (49.2% vs. 14.2% used this device, respectively). The prevalence of cane and walker use was not different between SNF and IRF groups at discharge (7.4% vs. 7.9%, and 54.8% vs. 60.3%, respectively).
DISCUSSION
To our knowledge, this study provides the first comparative, comprehensive data of short-term outcomes in cardiopulmonary patients participating in rehabilitation programs in the IRF and SNF environments. The main findings were that (1) patients in the IRF engaged in more physicaloccupational therapy time than those in the SNF;
(2) regardless of diagnosis, patients in the IRF had shorter LOS, higher facility charges, a higher homebound discharge frequency, and lower mortality than those in the SNF; and (3) more patients achieved modified or complete independence in some comparable activities of daily living and loadbearing mobility (nonwheelchair locomotion) in the IRF than the SNF.
Although the population differences (e.g., age) may be intuitive between the IRF and SNF, we attempted to account for the therapy volumes pro- vided in each setting. To account for potential differences in therapy participation and age on these outcomes, we analyzed a subset of patients who were matched with therapy time, cardiopulmonary categories, and age, and we repeated these major analyses in 232 patients. Even with patient matching, we confirmed that these statistical differences persisted. For example, IRF and SNF patients matched for hours of therapies (24.3 vs. 24.7 hrs, respectively) had different LOS (13.7 vs. 33.3 days), total charges ($20,320 vs. $10,528), and levels of improvement (e.g., 51.9% achieved modified or complete independence with walking in the IRF vs. 13.1% in the SNF by discharge).
Benefits of postacute rehabilitation in cardiovascular and pulmonary patients can be obtained in either the IRF [12] [13] [14] [15] [16] [17] or SNF 18 setting, as observed here. However, one important distinction is that large, clinically meaningful improvements were made in the IRF in less than half the time of that in the SNF, with lower mortality, but at a greater cost. This is especially important when considering that the IRF patient groups had similar severity-of-illness estimates and, in many cases, more complex procedures or medical management than those patients in the SNF. There are two interpretations of these findings. Patients referred to the IRFs were "selected" as prime candidates with lower risk for complications during rehabilitation, and patients referred to the SNF may have been referred there for reasons other than achieving good rehabilitation results (e.g., no assistance at home, financial/ insurance reasons, needing to move the patient out from acute care). The fact that the IRF can manage very complex patients and still achieve good clinical outcomes and more homebound discharges indicates that those cardiovascular and pulmonary patients such as coronary artery bypass graft, heart and lung transplant, and postpacemaker valve replacement patients may be good candidates for inpatient rehabilitation. Patients in the SNF who seemed to make better functional gains and to return home more often than others in this environment were valve replacement and coronary artery bypass graft patients; compared with IRF groups, these types of patients still had relatively poorer outcomes in the SNF (e.g., 20 -25% fewer patients discharged home; LOS was 19 -54 days vs. 10 -12 days in the IRF). Importantly, the goal for some patients in the SNF with dementia may not have been rapid discharge or homebound destination but, rather, discharge to the least restrictive environment, such as assisted living.
Potential Explanations of Environmental Differences in Outcomes
A discriminating characteristic of the SNF population from this study was that they were older and had a higher incidence of dementia than their IRF counterparts. Previous work has shown that functional deterioration after hospitalization is a potential hazard in older pulmonary (pneumonia) patients, 19 particularly those who already have low functional status. Although dementia is not associated with an accelerated rate of functional decline in the SNF, 20 dementia is related to a greater risk for transfers between locations (home, acute care, rehabilitation) and fragmented postacute care in orthopedic (hip fracture) populations. 21 Also, compared with our cardiovascular/pulmonary IRF patients with dementia, 38.7% fewer from the SNF obtained "modified" or "complete independence" with walking during rehabilitation. This suggests that dementia may hamper functional improvement to some degree. Admission functional level may also be an important predictor of functional decline and mortality by discharge; in an earlier cohort that included cardiopulmonary patients, those who had moderate to severe/total dependency for activities of daily living at admission were three times more likely to have died at discharge than those who were more independent. 22 Therapy intensity level may have been an important factor, as has been shown in cardiopulmonary patients in the SNF environment. 18 Whereas earlier data suggest that more time/sessions engaged in SNF therapies is related to better gains in strength, endurance, and activities of daily living 23 and increased survival and probability of community discharge, 24 actual exercise intensity (work per unit of time) in these studies was not measured. In this study, it is likely that the IRF therapy intensity (time per session) was higher than the SNF, because the SNF environment is driven by per diem reimbursement incentives to increase LOS and lessen therapy. 18 Although therapist notes from this cohort reported time spent performing therapy components, there was no standardization of therapy intensity or measurement of the amount of actual physical work completed during their program. Also, the higher prevalence of lower participation in the SNF patients is a trait associated with reduced efficiency of functional gain and increased LOS. 25 We surmise that the increased therapy session frequency and session time within a shorter LOS led to better retention of motor patterns and muscular fitness than therapy sessions in the SNF. These are important considerations in interpreting these data; it is not yet known whether aggressive therapies of IRF volume and intensity in the SNF can result in similar outcomes in this population base. The clinical importance of participating in aggressive, intensive therapies is that maintenance of physical activities may occur, thus promoting secondary prevention of disease exacerbations or cardiac events. 26 There was a greater prevalence of women in the SNF. Sex differences in postacute care outcomes have been observed in cardiac patients (coronary artery bypass graft, heart failure) such that women were older or had a greater disease severity, 27 a greater risk for mortality, 28 or more complications 29 than men. Also, female cardiac patients have been reported to have lower preoperative function, social support, and life satisfaction than men, 30 factors associated with poorer outcomes after surgery. In the SNF, more women experienced joint pain and exertional angina, and 7.3% more women developed infections during their SNF stay. Sex differences in coping strategies and anxiety 31 in pulmonary patients exist 32 ; women may use more emotion-based strategies (which are unfavorable because they can amplify chronic obstructive pulmonary disease consequences) and may have increased reliance on avoidance of activities that trigger an exacerbation, whereas men typically want to control the disease and refuse to accept limitations of their (physical and social) capacities. These emotional and avoidance behaviors may prevent optimal rehabilitation outcomes. 32 In this study, 32.1% and 12.6% more women had anxiety in the IRF and SNF than men, had higher rates of atelectasis and lung effusion, and had greater ventilation needs than men (1.5 vs. 0.8 L/min in the SNF). Hence, some women might present to postacute care with more complicating medical issues than men. Gender issues should be carefully compared in future rehabilitation studies of these populations to determine whether this pattern is consistent.
Study Limitations and Strengths
In this retrospective study, limitations include the sampling of patients from one geographic area, which had a high prevalence of white ethnicity. This type of study should be repeated with national population samples and from a prospective design. An important limitation is the lack of direct comparisons that can be drawn using the MDS and FIM tools between settings. Whereas the FIM measures were obtained at admission, each day during the stay, and at discharge, the MDS was obtained at different time points. MDA data were captured at a minimum of days 5, 14, 30, 60, and 90, and beyond if necessary. Discharge MDS data were obtained on some, but not all, patients by the end of the inpatient stay. Although this issue prevents optimal accuracy in determining the amount of improvement made in specific motor activities, we assessed independent walking ability and assistive device use, discrete end points that could be assessed independently of when the MDS measures were taken during the stay. To reduce the inaccuracy of magnitude of functional improvement in each set-ting, we determined the percentage of patients that achieved "complete" or "modified independence" on specific motor activities, rather than a rate of functional change or percent improvement in each setting. Therefore, it is likely that there may have been some additional functional improvements that were not captured by the MDS measures in the SNF patients.
In addition, there may have been multiple sources of error within each patient's data. Medical information, severity of illness determination, and participation within therapies were highly dependent on the accuracy of documentation by multiple caregivers within each setting; we attempted to control for this by cross-referencing information provided in one section of the medical record with another for verification. Finally, the cost of care in each setting was only estimated from the facility charge data, and reimbursement by the CMS or third-party payers does not equal charges or costs; actual reimbursements or costs were not accessible for this study. Also, SNF patients are coded into resource-use groups according to projected service use, and this directly influences the facility charges/ reimbursements for each patient. It is likely that the charges reported here underestimated the actual costs and reimbursement of care, especially if an SNF patient improved during the stay and the coding classification of resource group was changed. Also, this study did not capture the cost of readmissions to acute care for patients in each group; this is significant, especially for SNF patients who returned to acute care generally more than once during their stay. This is a costly complication that was not included in the overall total charges in this study. The study's strengths include the detailed documentation of therapy intervention and characterization of this patient population during postacute care, and inclusion of all available patients for an unbiased population sample.
CONCLUSION
The goals of a rehabilitation program are to promote functional independence and discharge to the least restrictive environment, preferably (in this age of cost containment) in a time-and costefficient manner. In this study, a greater percentage of cardiovascular and pulmonary patients achieved these functional milestones in the IRF than in the SNF. Although improvements were made in both IRF and SNF environments, functional benefits were accompanied by lower mortality and a greater homebound discharge, but a higher facility cost in the IRF. award for 2006-2007) for the support provided to perform this project. Assistance from Tom Cook and UVA-HealthSouth for data access and procurement is also gratefully acknowledged.
